Second, to what extent does the outflow of congestion, i.e. the capacity with congestion 24 upstream, vary at the same road section without other disturbances such as weather androad layouts? In short, this subquestion hence discusses the stochasticity of the outflow 1 of the queue. Previous research shows that discharging flows of standing queues at one 2 bottleneck only exhibit small deviations (Cassidy and Bertini 1999 downstream of an bottleneck with compulsory merging behaviours upstream, especially 10 locations near bottlenecks? The study of the flow distribution can show the utilization of 11 lanes when the capacity drop is observed, which can benefit increasing queue discharge 12 rates with multi-lane dynamic management. 13 To answer those questions, this paper studies a traffic scenario where a standing 14 queue forms immediately after a stop-and-go wave passes. It seems that the standing 15 queue is induced by the stop-and-go wave. In this scenario, there can be at least two 16 congestion states and two outflow states observed at the same road section at the same 17 day. 18 The remainder of the paper is set up as follows. Section 2 describes 19 methodologies applied in this paper. This section applies shock wave analysis to 20 recognize those different congestion. Section 3 shows the study site and the study data. 21
In section 4, empirical observations are presented, including various traffic states and 22 flow distribution in each lane. Finally, section 5 presents the conclusions. 23
Methodologies 24
This paper targets a homogeneous freeway section with a lane-drop bottleneckupstream. In the expected scenario, a standing queue forms immediately after the 1 passing of a stop-and-go wave. It seems like the bottleneck is activated by the stop-and-2 go wave. In this way, we can compare the outflows of congestion at that location and 3 possible location specific influences are excluded from the analysis. 4
Since the differences in the capacity drop (in standing queues) between any two 5 days at the same bottleneck lies in a small range among days (Cassidy and Bertini 6 1999) , it is difficult to observe standing queues in distinctly different congestion states 7 at the same bottleneck. However, the congestion level in stop-and-go wave is 8 considerably different from the congestion in a standing queue. Congestion level is 9
represented by vehicle speed in the congestion and density. Previous research ( To avoid unnecessary deviations, this paper applies slanted cumulative counts to 20 calculate flow. The slanted cumulative curve, also known as oblique cumulative curves, 21
is drawn by subtracting a reference flow from the cumulative number of passing vehicles. 22
The slanted cumulative curve can promote the visual identification of changing flows 23 (Cassidy and Bertini 1999 ).
Both of these two outflows are flow detected downstream of the congestion. 1
There are repetitive observations. For the duration of congestion until the congestion is 2 dissolved, there are no other influences from downstream. The outflow of a stop-and-go 3 wave can be detected at some location where the speed returns to the free flow speed 4 after the break down phenomenon, and the discharging flow can be detected at each 5 location downstream of an active bottleneck. 6
Shock wave analysis 7
The states which occur are determined using shock wave analysis. between these two states, see the upward arrows in Figure 5 . Generally, the empirical 14 observations are in line with the expectations presented in in section 2. 15 This shock wave separates the outflow of stop-and-go wave from the 16 discharging flow of standing queue. This shock wave has been expected in section 2 17 (see Figure 1b) . At one location, we first observe the outflow of the stop-and-go wave 18 and then observe the discharging flow of the standing queue. First, we find the outflow 19 of the stop-and-go wave only directly downstream of the stop-and go wave. The wave 20 travels upstream, from location 1 to location 8. Once it reaches location 8, the traffic 21 state will change, with a wave propagating downstream, which takes some time before 22 it reaches location 8. During that whole time, at location 1 the outflow of the stop-and-23 go wave can be detected. 24 The discharging flows found for the two days are constant for each day, at 6040 1 veh/h (18 May) and 5700 veh/h (28 May), see figure 4. Although they are different for 2 both days, the flows are remarkably constant over time. There is also a difference 3 between the flows downstream of the standing queues at 18 and 28 May. This holds for 4 all locations downstream of the bottleneck, including the acceleration phase. The flow is 5 the different but constant for both days. During the acceleration process, the density 6 continuously decreases. Since the flows differ for the two days, the speeds must differ 7 for the two days for situations with an equal density. This means that drivers leave a 8 larger gap than necessary in the day with the lower flow (28 May), since apparently -9
given the speed-density relationship for the other day -they can drive with lower speeds 10 given the spacing. 11
Moreover, the downstream direction of the shock wave implies that the off-ramp 12 (Exit 7 in Figure 3) does not influence the discharging flow. Oh and Yeo (2012) implies 13 that the off-ramp at the downstream location mitigates the capacity drop. In our study 14 site, the off-ramp which is located far away has no effects. The shock waves 15 propagating downstream imply no influence from downstream. 16 and speed detected in each lane at the same location differ from each other. In both of 22 Figure 6a ) and 6b), aggregated data over 3 lanes shows an increase of outflow at the 23 moment the wave separating the outflow from the stop-and-go wave and the outflow 24 from the standing queue reaches the detector. In Figure 7a Table 1 and 13 Figure 7 ). Those circles and triangles stand for the state of the outflow in each lane at 14 location 1, i.e., state 5 and state 6 (see Figure 1) respectively. Note that we at location 1 15 on 18 May 2009 there is no distinguish between the state 5 and state 6. Therefore, when 16 calculating the flow distribution in these two states (state 5 and 6), we use the same 17 flow, that is 1437 veh/h as shown in Figure 7e ). Note that, the lower flow in state 5 18 (compared to state 6) in the center lane (see Figure 7d) does not mean the flow 19 distribution in state 5 should be lower than that in state 6. That explains why in the 20 center lane the flow distribution in state 5 is higher than that in state 6 (see Figure 8b) . 21 The rest thin lines (in Figure 8c & 8d) represent the flow distributions at each location. 22
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The lines with five-point stars stand for the distribution at location 8. 
